1. Background {#sec195418}
=============

Worldwide, over 240 million people are chronically infected with Hepatitis B virus (HBV) ([@A37806R1]) which can lead to cirrhosis, end-stage liver disease and hepatocellular carcinoma ([@A37806R2]). HBV is an enveloped, partially double stranded DNA virus, belonging to the *Hepadenaviridae* family and is transmitted through blood, blood products, sexual and maternal routes ([@A37806R3]). Sequence analysis of the viral isolates indicated that the virus genome can be divided into eight separate genotypes, A to H, among which there exist about 8 to 15% dissimilarity ([@A37806R4]). HBV genotypes possess distinguished geographical distributions, and they seem to have different biological properties, which affect the clinical outcome of HBV disease ([@A37806R5]). The primary classification of HBV has been based on the dissimilarity in amino acid sequences in the HBsAg. This scale divides HBV into four main HBsAg serotypes: adr, adw, ayr, ayw, while additional differences expands this classification into nine serotypes (ayw 1 to 4, ayr, adw2, adw4, adrq ([@A37806R6], [@A37806R7]).

The HBV genome encodes only one viral enzyme, the HBV reverse transcriptase (RT) ([@A37806R8]), which is an error-prone enzyme without exonuclease proofreading activity, similar to HIV-RT. Together with a high virus replication titer, this produces various HBV mutants ([@A37806R9]). The S open reading frame (ORF), which encodes the surface protein, is completely overlapped by the polymerase (P) gene ([@A37806R10]). Hence, mutations in the RT can result in changes in the HBsAg protein and vice versa ([@A37806R11]).

The HBsAg ''a'' determinant (amino acids 124 - 147) is located within the major hydrophilic region (MHR, amino acids 99 - 169) of this surface protein ([@A37806R12]) which produces the potent B-cell epitope of HBs Ag([@A37806R13]), and it has been proven that amino acid substitutions within this region produce escape mutants. Immune escape mutants allow for the replication of HBV in vaccinated persons ([@A37806R14], [@A37806R15]), since antibodies induced by current vaccines do not recognize critical changes in the surface antigen domain ([@A37806R16]).

Inhibitors of RT, nucleos(t)ide analogues (NAs), such as lamivudine, adefovir, dipivoxil, entecavir, telbivudine, etc are approved for the treatment of chronic hepatitis B (CHB) ([@A37806R17]). An important issue with NAs treatment is the selection of antiviral-resistant mutations ([@A37806R18]). HBV mutants has the tendency of exhibiting enhanced virulence, resistance to antivirals, facilitated cell attachment or alteration of epitopes which are important in the host immune response ([@A37806R19]).

Various studies have shown that HBV genotype D is the most predominant genotype in Iran ([@A37806R20], [@A37806R21]), although some studies reported non-D ([@A37806R22]) or a diversity on subgenotypes of D ([@A37806R23]). To date, to the best of our knowledge, there is no clear information regarding the genotype distribution of HBV in Southern Khorasan of Iran, and also the mutation profile of S gene is unclear.

2. Objectives {#sec195419}
=============

The aim of this study was firstly to determine the distribution of genotype and subgenotype of HBV among health carriers in Southern Khorasan of Iran, and secondly to assess the frequency of mutations in surface gene and concomitantly polymerase gene associated with viral escape and antiviral resistance, respectively.

3. Methods {#sec195426}
==========

3.1. Patients {#sec195420}
-------------

The study was conducted between 2014 and 2015 in Birjand, the centre of South Khorasan province of Iran. It was a population-based cross-sectional study which comprised 5,235 cases with an age range between 15 and 70 years. This study was approved by the Iranian society for supporting patients with infectious diseases ethics committee, and informed consent was taken from the patients before registration. All samples were tested for HBsAg, among whom were 85 HBs-Ag positive cases of which all were treatment naive health carriers. This study was also approved by the ethics committee of the research center of Birjand University of Medical Sciences (BUMS).

3.2. Extraction of HBV DNA {#sec195421}
--------------------------

Patients were referred to the hepatitis research center of BUMS, and after registration and completion of questionnaire, sera samples were collected from patients and stored at -70°C until initiation of the experiments. HBV DNA was isolated from 200 micro litters (µL) of serum samples using a viral nucleic acid extraction kit, viral gene spine (iNtRON Biotechnology) according to the manufacturers' instruction but with some minor alterations.

3.3. Selection of Primer {#sec195422}
------------------------

Selected primers ([@A37806R24]) corresponded to the conserved regions across the different genotypes, and also corresponded to the surrounding heterogeneous regions between them, which allowed for the distinction of HBV genotypes. It also covered the amino acid loop corresponding to a, d/y and w/r specificities and mutations in the nucleotide sequences related to hepatitis B Immunoglobulin (Ig), anti-HBs monoclonal antibody, and vaccine resistance. In the concomitantly overlapping region of RT gene, some resistance mutations of RT were also detected. This region amplified a 417-bp fragment covering a region of S gene with marked heterogeneity among genotypes, flanked by a conserved region to allow their equal amplification ([Table 1](#tbl49476){ref-type="table"}).

###### The Primer Sequences and Positions Used in Nested PCR for Partially S Gene Amplification with Their Positions

  Primer      Sequence                                Position
  ----------- --------------------------------------- ------------
  **FHBS1**   5' GAG TCT AGA CTC GTG GTG GAC TTC 3'   244 to 267
  **FHBS2**   5' CGT GGT GGA CTT CTC TCA ATT TTC 3'   255 to 278
  **RHBS1**   5' AAA TKG CAC TAG TAA ACT GAG CCA 3'   648 to 671
  **RHBS2**   5' GCC ARG AGA AAC GGR CTG AGG CCC 3'   668 to 691

3.4. HBsAg Gene Partial Amplification {#sec195423}
-------------------------------------

HBs-Ag positive cases were subjected to S-gene partial amplification, a nested PCR test. The first-round of PCR was performed for 30 cycles (94°C for 30 seconds, 55°C for 20 seconds and 72°C for 30 seconds) and a final extension step at 72°C for 1 minutes in a 25 µL reaction volume containing 50 ng of extracted DNA, 1× PCR buffer, 200 Mm of each dNTPs, 1.5 mM MgCl~2~, 25 pmol/mL of each outer primers and 1U Taq DNA polymerase (Invitrogen, France). Three (3) µL of the first-round PCR product was then subjected for the second-round PCR under the same conditions but with the inner primers. Appropriate negative and positive controls were included in each test. After the second round, a 417 bp fragment was obtained and rounded by electrophoresis in a 2% agarose gel; observation was carried out using a gel documentation device.

3.5. Sequencing and Determination of HBV Genotype, Subgenotype, and Serotypes {#sec195424}
-----------------------------------------------------------------------------

The second round PCR products which contained a sharp band on agarose gel electrophoresis were subjected to direct sequencing in Bionear company, South Korea (BigDyeTM terminator cyclic sequencing was performed and then analysis was made using ABI 3730XL DNA analyser). The obtained sequences were blast with the sequences present in the gene bank database of NCBI for HBV genotyping. Nucleotide sequences were aligned with CLUSTALW program using Bioedit software (BioEdit sequence alignment editor software, department of microbiology, and North California State university). For phylogenetic analysis, the sequences of the current project were entered into MEGA-6 software (Tamura, Stecher, Peterson, Filipski, and Kumar 2013) together with the reference sequence of HBV genotype D1 and all other known genotypes. The phylogenetic tree was designed according to the maximum likelihood model.

The HBsAg serotypes were deduced from the sequence of the same S gene region used for genotyping by a newly described algorithm ([@A37806R25]), based on the identification of amino acids at positions 122 (Lys-Arg for d-y determinants), 160 (Lys-Arg for w-r determinants), 127 (Pro-Thr-Leu/Ile for w2-w3-w4), and in the case of Arg122 Pro127 Lys160, also at positions 159 (Ala-not Ala for ayw1-ayw2 and ayw4) and 140 (not Ser-Ser for ayw2-ayw4).

3.6. Determination of Surface and Polymerase Gene Mutations {#sec195425}
-----------------------------------------------------------

The accession number GQ183486.1 that was found to have most proximity to the Iranian HBV sequences, was selected as reference sequence. The whole RT and S gene of GQ183486.1 were separately aligned with all sequences of current project using Bioedit software by ClustalW program, so that each amino acids of ref seq put in right position. After alignment of nucleotide sequences, the session converted to amino acid and mutations were revealed as an altered amino acid.

4. Results {#sec195431}
==========

4.1. Baseline Characteristics of the Study Subjects {#sec195427}
---------------------------------------------------

There were 85 cases with HBsAg among 5,232 randomized samples in Southern Khorasan. Among them, 61 samples had HBV-DNA with the nested PCR test (72%). The mean age was 39.07 ± 14.04 years, with 52.2% female and 47.8% male. These patients were all naive to any NAs and did not give any antiviral treatment. Among the selected population, 29.2% were vaccinated against HBV and had taken the full course of HBs Ag containing vaccine.

4.2. Genotyping {#sec195428}
---------------

The sequences of the S gene region of 61 isolates (the accession number KX149129 and KX180836 to KX180893) were analyzed and compared with the reference sequences for all 8 known HBV genotypes from the DDBJ/EMBL/GenBank database. The results obtained from the analysis are summarized in two phylogenetic trees from S and RT gene ([Figure 1](#fig36005){ref-type="fig"}). Genotype D was the only genotype detected among these isolates. For the determination of subgenotypes, the isolates were compared with the reference sequences for D1 - D9 subgenotypes, the results showed that all the isolates belonged to D1.

![The maximum likelihood phylogenic (ML) tree of surface gene (A) and rt gene (B) sequences from current isolates in an alignment with reference isolates of all genotypes and sub genotypes of D1, constructed in MEGA-6 software. Model selection with (ML) test was used before phylogeny. Phylogeny reconstruction was done with ML test and Kimura 2-parameter model, rates among sites was gamma distributed, selected codon were 1st, 2nd, 3rd and non- coding sites. In order to test the validity of tree, the bootstrapping of 1000 replication was used. The S gene sequence of Woodchuck hepatitis virus was used to root the tree. The accession numbers, genotype and subgenotypes were given. The symbols B17, 41, 69, and 25 are sequences of current study.](hepatmon-16-10-37806-i001){#fig36005}

HBsAg serotypes were inferred by identifying amino acids at positions 122, 160, 127, 159 and 140 according to the alignment of the study isolates with reference HBs-Ag sequence of accession number GQ183486 ([Figure 2](#fig36006){ref-type="fig"}A). The result showed that all isolates belonged to the serotype ayw2, with exception of one with ayw3 and one with ayw4.

![The Amino Acid Sequence of HBsAg A, and RT B, from current isolates, "a" determinant aligned in Bioedite software with the reference isolate of genotype D1.](hepatmon-16-10-37806-i002){#fig36006}

4.3. Mutations in the HBsAg {#sec195429}
---------------------------

To explore the mutations affecting the antigenicity of HBsAg, MHR within the major antigenic "a" determinant was analyzed. The result of this survey in the Bioedit software showed that there existed substitutions in 35 positions in the level of nucleotide. The whole surface protein that was tested comprise of 144 amino acids which mutations have occurred in 17 positions (11.8%).

It was obvious that most of mutations were accumulated in the MHR region (13 positions of 70 amino acids, 18.57%), including "a" determinant region (in 5 positions of 23 amino acids, 21.73%). All mutations observed in this segment of S gene including escape ones were summarized in [Table 2](#tbl49477){ref-type="table"}.

###### Amino Acid Substitutions in the HBs- Ag with Known and Unknown Functional Effects

  Codon /Position      aa Substitution   Frequency, %   Vaccinated frq, %   Function                        References
  -------------------- ----------------- -------------- ------------------- ------------------------------- ----------------
  **AGT/GGT - 160**    S54G              1 (1.63)       100                 Unknown                         
  **TGT/TAT - 227**    C76Y              1 (1.63)       0                   Unknown                         
  **TTC/TGC - 254**    F85C              1 (1.63)       0                   Unknown                         
  **ATC /ACC - 275**   I92T              2 (3.27)       0                   Unknown                         
  **TTG/TTT - 312**    L104F             1 (1.63)       100                 Unknown                         
  **ATT/CTT - 330**    I110L             1 (1.63)       0                   Unknown                         
  **AGC/GGC - 349**    S117G             1 (1.63)       100                 Escape                          ([@A37806R26])
  **ACC/GTC - 367**    T123V             1 (1.63)       0                   Unknown                         
  **ACG/ATG -368**     T125M             1 (1.63)       0                   Escape                          ([@A37806R26])
  **CCT/ACT - 379**    P127L/T           2 (3.27)       50                  Escape                          ([@A37806R27])
  **CAA/CAC - 387**    Q129H             21 (34.42)     35.3                Escape, detection, Ig therapy   ([@A37806R26])
  **TCG/TTG - 428**    S143L             1 (1.63)       0                   Escape                          \(9\)
  **GAC/GAA - 432**    D144E             1 (1.63)       0                   Escape, detection, Ig therapy   ([@A37806R28])
  **GAG/GAT - 492**    E164D             1 (1.63)       0                   Escape                          ([@A37806R26])
  **TGG/ CGG - 493**   W165R             1 (1.63)       0                   Unknown                         
  **GCC/ GTC - 503**   A168V             5 (8.2%),      20                  Unknown                         

4.4. Analysis of Patient Samples for Polymerase Mutations {#sec195430}
---------------------------------------------------------

As the whole S gene overlapped with Pol gene, most nucleotide substitutions in the S region contributed to a mutation in RT sequence. This study showed that most, but not all mutations of the S gene caused an amino acid change in RT. However, some changes were observed in RT without change of the S sequence. In the level of nucleotide there were 38 substitutions of 364 (10.43%), while there were 22 mutations in 122 amino acids. It means 42.1% of substitutions eventuate to a non- sense mutation. The result of this study showed that most mutations were occurred in position 110 to 157 (including 16 mutations in 47 residues, 34%); it means this region is less conserved and can select some variations. The Q149K was the most frequently identified amino acid substitution observed in these isolates (9.83%), followed by L122F (8.19%), N118D/T (6.55%), L157M (4.91%), and H124Y (3.27%). Other mutations that each one has seen only in one patient listed below:

Q62R, N76D, S78T, L91I, R110G, V112A, A113V/S, L115V, S119P, Q125R, M129L, N131D/S, S135Y, L145M, G152R, V173A/L, S180P.

5. Discussion {#sec195433}
=============

To the best of our knowledge, this is the first report of HBV genotyping with an acceptable sample size from this part of Iran, sharing borders with Afghanistan. Results of this study showed that genotype D, subgenotype D1 is the only genotype of HBV in this province. The study also showed that ayw2 is the most prevalent serotype of HBs Ag in this province; however, there were two exceptions, ayw3 and ayw4. This finding is compatible with those of similar studies from other parts of Iran.

Several studies in Iran have shown that genotype D is the only genotype observed in different parts of the country ([@A37806R29]). However, genotype B was reported in a case in Kermanshah Province, which is located in western Iran ([@A37806R22]). Studies from countries around Iran, such as Turkey ([@A37806R30]), Pakistan ([@A37806R31]), and Saudi Arabia ([@A37806R32]) showed genotype D as the predominant HBV genotype. However, lower rates of other genotypes have also been reported in Eastern Azerbaijan, Northwest Iran ([@A37806R33]). Attaullah demonstrated that genotype D (35.67%) is the predominant genotype among Afghani population, followed by genotype C (32.16%), genotype A (19.30%), and genotype B (7.02%), respectively ([@A37806R34]). Due to the proximity of Southern Khorasan to Afghanistan, and the substantial immigration of Afghani people through this province, our results are interesting and may contribute to the social and cultural behavior, as well as the health level.

Other studies have also shown that HBV serotype ayw2 is dominant in Iran ([@A37806R29]) but was 97.64% according to the present research figures. The serotypes ayw3 and ayw4 reported 0.2% and 0.4%, respectively by Mohebbi et al. ([@A37806R35]), which was 1.17% (one case) for each one in the present study. The other sub genotypes of D, D2 and D3, were reported in a few studies around the Iran ([@A37806R35]-[@A37806R37]). Genotype other than genotype D was seen only in Western areas of Iran, genotype B was reported in two studies in Kermanshah and Khuzestan ([@A37806R22], [@A37806R37]) which may be related to neighboring countries.

HBV vaccine contains the HBsAg protein that induces immune response against MHR, the so called "a" determinant, which is involved in amino acid residues 100 - 160 of the HBs- Ag ([@A37806R38]). The most frequently identified HBsAg amino acid substitutions in previous studies include P120T, M33I, S143L, D144E/A, G145R, E164D, W172\*, and W182\* which are the most commonly occurring pattern ([@A37806R39]). The well-known G145R mutation occurs in the S-gene with overlapping rtW153Q mutation in the Pol-gene (HBsAg classical vaccine escape strain), which was absent in isolates of the current project. The Q129H was the most frequently detected escape mutant in this study (34.42%), followed by P127L/T (3.27%) and E164D, S117G/T, D144E, T125M, S143L, 1.63% for each; and their roles in the vaccine escape, Ig response and/or detection have already been established. It is noteworthy that 29.2% of these patients were vaccinated against HBV, among them, 9 cases had an escape mutation. The most prevalent escape mutation among the vaccinated was Q129H/P (6 cases), and S117G, P127L one case for each, while other escape mutations occurred just in the unvaccinated populations.

Sayan reported multiple HBV vaccine-escape mutations (S143T, D144E, G145R, E164D, I195M) ([@A37806R9]), of which 3 of them (D144E, S143L and E164D, one case for each) were seen in the current study. Avellon reported M133T (2.2%), Q129H, M133I, F/Y134N (1.8%), F/Y134L, G145A (1.5%), and P120T (1.1%) as the most frequent mutations of S region, while G145R was found at a frequency of less than 1% (0.4%) ([@A37806R26]), while among them just Q129H was found in the current study.

In a previous study in this estate of Iran, only P127L was present in one case and Q129H in two cases at MHR region in 25 patients. There were 16 other mutations in S gene with any patient having at least one mutation ([@A37806R40]), which had smaller mutation frequency than the current study. Of course, part of it may be related to the small sample size. In another study in Iran, P120T/S and R122K/T were found in 4% of patients, and G145R was found only in one case ([@A37806R13]); which none of them occurred in the current project. These mutations frequently occurred and it was suggested that this frequency may be due to the pressure of the immune system or vaccine on their selection, considering the fact that these patients did not receive NAs.

It was observed that the polymerase gene is more conserved and that not all variants of MHR were accompanied by amino acid substitutions in the polymerase. Nevertheless, most of S variants led to a change in RT region. Almost all the escape mutations that were found in this study led to a silent mutation on RT region without any change in the level of amino acid. It should be noted that some mutations occurred in RT without any amino acid substitution in the corresponding region of HBsAg, suggesting the mutual effect of some nucleotide substitution of S/RT - ORF.

The most prevalent mutations in RT region of the study isolates was Q149K (9.83%) followed by N118D/T (6.55%), L157M (4.91%) and H124Y, A113Y/S, N131D/S, L145M, V173A/L, 3.27% for each one. Almost all these mutations were reported previously and there were also many other mutations in this segment of RT gene which had been identified by earlier reports ([@A37806R41], [@A37806R42]). The well known mutation rtV173L observed in two cases (3.2%), which is a compensatory mutation and could be selected in lamivudine-resistant patients due to an enhanced replication phenotype ([@A37806R43]). The S135Y that occurred in one case is reported to be related to lamivudine resistance ([@A37806R44]). The rare S78T mutation also observed in one patient can lead to tenofovir resistance ([@A37806R45]). Other mutation that observed in this study was L91I which reported as an Entecavir, lamivudine -related resistance mutation ([@A37806R46], [@A37806R47]).

It is noteworthy that mutations of RT observed in current study occurred naturally and these patients did not give any NAs. This was a limitation for this project which prevented the amplification of a bigger sequence of the RT region. Meanwhile, a lot of mutation occurred in this fairly short segment of RT which showed the importance of the determination of RT mutants before NAs prescription.

Although it has been proven that genotype D is predominant in Iran by it sharing borders with countries such Afghanistan, Pakistan and some Arab countries which are not like Iran and are not devoid of other genotypes, the rise of other genotypes is still not unexpected. Therefore, genotyping of HBV in different regions of Iran in time intervals could be very important.

Considering the fact that chronic carriers are the major reservoir of HBV infection, the selection of such naturally occurring variants in these patients could increase the transmission of these variants in the general population. Therefore, the epidemiological monitoring of naturally occurring MHR variants is essential, especially for immunotherapy and vaccination efficacy.

5.1. Conclusion {#sec195432}
---------------

Briefly, this study showed that HBV genotype D was still predominant in Iran, as well as Southern Khorasan. There were some variations in the S gene of HBV which occurred spontaneously and or in the presence of immune system which caused escape mutation or NA resistance in RT region. Considering that some vaccinated people were infected with an escape mutant, the screening of such variants among health carriers is very important.
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